Two new complexes [Ag(sac)(aepip)] (1) and [Ag(sac)(hepip)] (2) have been obtained by the reaction of AgNO 3 with Na(sac)·2H 2 O (sac = saccharinate) in the presence of N-(2-aminoethyl)piperidine (aepip) and N-(2-hydroxyethyl)piperidine (hepip), and characterized by elemental analysis, IR spectroscopy, thermal analysis and single crystal X-ray diffraction. Complexes 1 and 2 crystallize in the monoclinic space group C2 and triclinic space group P1, respectively. In both complexes, silver(I) is tricoordinated. The sac ligand is N-coordinated, while aepip and hepip behave as N-N and N-O bidentate chelating ligands, respectively. The pip rings of both aepip amd hepip ligands adopt typical 'chair' conformation. The individual molecules are linked into one-dimensional chains by two N-H···O hydrogen bonds in 1, and one O-H···O hydrogen bond in 2. TG-DTG curves illustrated that the endothermic elimination of aepip and hepip ligands takes place in the early stages of thermal decomposition, while that of the sac moiety occurs exothermically at higher temperatures to give metallic silver.
Introduction
Saccharin (C 7 H 5 NO 3 S; also named o-benzosulfimide) is currently the most widely used non-caloric artificial sweetener and commercially available as water-soluble alkali salts. The coordination chemistry of saccharin (Hsac) is very interesting. Metal complexes of neutral saccharin are not known, since it is readily deprotonated to its anion, saccharinate (sac). Owing to the presence of several potential sites such as the imino nitrogen, and carbonyl and sulfonyl oxygen atoms, sac may be regarded as a good polyfunctional complexing agent in coordination chemistry and forms mono-, di-, and tetrameric complexes as well as coordination polymers [1] .
Our research has been focused on the preparation of new metal-sac complexes with secondary ligands. In this work, we prepared two new silver-sac complexes, with N-(2-aminoethyl)piperidine (aepip) and N-(2-hydroxyethyl)piperidine (hepip) ligands. This paper describes the synthesis, spectral, thermal, and 0932-0776 / 08 / 0200-0139 $ 06.00 © 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com structural characterization of [Ag(sac)(aepip)] (1) and [Ag(sac)(hepip)] (2).
Results and Discussion
The reaction of sodium saccharinate with AgNO 3 in the presence of aepip or hepip at r. t. resulted in the formation of the corresponding complexes, [Ag(sac)(aepip)] (1) and [Ag(sac)(hepip)] (2). Good quality crystals of both complexes were obtained in yields over 87 %. Complexes 1 and 2 are nonhygroscopic colorless solids, and they are soluble in acetonitrile-water mixtures and also in warm methanol and ethanol. 
Description of the crystal structures
As shown in Figs. 1 and 2, complexes 1 and 2 consist of mononuclear units. Table 1 lists their selected bond lengths and angles, together with the hydrogen bonding geometry. Complex 1 crystallizes in the monoclinic space group C2 with Z = 4, while 2 crystallizes in the triclinic space group P1 with Z = 2. The silver(I) ion in both complexes is coordinated by a sac ligand and an aepip or a hepip ligand.
The aepip and hepip molecules act as a bidentate chelating ligands, and the Ag-N aepip bond lengths are similar to those found in [NCAg(pip) 2 ] 2 [2] . The Ag-N sac bonds are slightly shorter than the Ag-N aepip bonds and comparable to those of the reported silver(I)-sac complexes [3 -10] , but significantly shorter than the corresponding distances of 2.449(2)Å found in [Ag 2 (sac) 2 (µ-aepy) 2 ] [11] . The N-Ag-N bond angles in both complexes suggest that Table 1 . Selected bond lengths (Å) and angles (deg), and hydrogen bonding geometry of 1 and 2 a . the silver atoms are in a distorted trigonal planar environment.
The sac ligand is essentially planar. The puckering parameters of the pip ring are q = 0.580(3)Å and θ = 3.32(2) • in 1, and q = 0.586(3)Å and θ = 2.30(3) • in 2, suggesting that the pip rings exhibit an essentially "undistorted" (cyclohexane-like) chair conformation. The individual molecules are cross-linked by hydrogen bonds. In the crystal structure of 1, two strong N-H···O hydrogen bonds between the amine hydrogen atoms of the aepip ligand and the sulfonyl O atoms of a sac ligand result in an arrangement with one-dimensional character (Fig. 3) . Again, hydrogen bonds appear to play a role in establishing the molecular packing in 2. The molecules assemble into a onedimensional chain by strong O-H···O hydrogen bonds (Fig. 4) . These chains are further connected by weak C-H··· O interactions and C-H···π(sac) interactions
IR spectra
The IR spectrum of 1 displays a number of absorption bands attributed to vibrational modes of aepip at 3350 cm −1 for ν as (NH 2 ) and 3384 cm −1 for ν s (NH 2 ), while the broad band centered at 3400 cm −1 is assigned to the ν(O-H) vibration of the hydroxyl group of hepip in 2. The bands between 2800 -3100 cm −1 are due to the aromatic or aliphatic ν(CH) stretching vibrations. The main interest in the IR spectra of the compounds 1 and 2 lies in the bands associated with the vibrational modes of the carbonyl and sulfonyl groups of the sac ligand as they can be very useful for the diagnosis of their coordination mode. The ν(C=O) mode of the sac anion appears as a sharp band centered at 1663 and 1667 cm −1 in the spectra of 1 and 2, respectively, and corresponds to the coordination mode of the N-bonded sac [12] . Very strong bands at ca. 1270 and 1160 cm −1 characterize the antisymmetric and symmetric stretching frequencies of the sulfonyl group, respectively. The symmetric and antisymmetric stretching vibrations of the CNS moiety of the sac anion are observed at around 1350 and 970 cm −1 as sharp bands. The IR bands in the region of 650 -900 cm −1 can be assigned to the CH inplane and out-of-plane bending modes.
Thermal analysis
The thermal behavior of complexes 1 and 2 was studied by DTA and TG in a static atmosphere of air. Both complexes follow a similar decomposition process. Complex 1 is stable up to 146 • C and then begins to decompose with a continuous mass loss. The DTA peaks at 208 and 298 are likely to correspond to elimination of the aepip ligand. Two highly exothermic DTA processes at 491 and 537 • C characterize the decomposition of sac ligands in air [13] . The decomposition of 1 is complete at 562 • C and the total experimental mass loss value of 73.88 % agrees well with the calculated value 74.21 %, assuming that the remaining solid residue is metallic Ag.
Complex 2 decomposes at 123 • C. The first decomposition stage between 123 and 169 • C corresponds to a mass loss of 7.62 %, which is possibly due to the elimination of a C 2 H 4 or CH 2 O group of hepip (calcd. 7.39 %). Similar observations were in the de- composition of some divalent transition metal(II) complexes of sac with triethanolamine and 2-(2-aminoethylamino)ethanol, due to the degradation of their ethanolic groups [14] . The solid residue is stable up to 220
• C and decomposes with a continuous mass loss. Again, the DTA curve displays an exothermic peak at 276 • C, probably due to the complete degradation of the hepip ligand. Two extremely exothermic processes at 453 and 490 • C leave metallic Ag at 524 • C (total mass loss: found 73.85 %, calcd. 74.26 %).
Experimental Section

Materials and measurements
All reagents were purchased and used without further purification. Elemental analyses (C, H and N) were carried out on an Elementar Vario EL elemental analyzer. The FT-IR spectra were recorded from KBr pellets in the range 4000 -400 cm −1 by using a JASCO FT/IR-430 spectrophotometer. Thermal analysis curves (TG and DTA) were obtained using a Rigaku TG8110 thermal analyzer in a static air atmosphere at a heating rate of 10 • C min −1 .
Synthesis of the silver(I) complexes
The addition of Na(sac)·2H 2 O (0.24 g, 1 mmol) dissolved in 3 mL of distilled water to the solution of AgNO 3 (0.17 g, 1 mmol) in 5 mL of distilled water resulted in a milky suspension which was dissolved by the addition of acetonitrile (25 mL). N-(2-Aminoethyl)piperidine (0.13 g, 1 mmol) was added to the solution, and the mixture was allowed to stand in darkness at r. t. Colorless prismatic crystals of 1 were obtained within three days. Yield 92 %. -C 14 
X-Ray crystallography
The data collection was performed at 100 K for both complexes on a Stoe-IPDS-2 diffractometer with graphite monochromated MoK α radiation (λ = 0.71073Å). The structures were solved by Direct Methods (SHELXS-97 [15] ) and refined by full-matrix least-squares methods (SHELXL-97 [15] ). All non-hydrogen atoms were easily found on the difference Fourier map and refined anisotropically. All hydrogen atoms were included using a riding model. The details of data collection, refinement and crystallographic data are summarized in Table 2 .
Crystallographic data have been deposited with the Cambridge Crystallographic Data Centre as supplementary publication no.s CCDC 659544 (1) and CCDC 659545 (2) . Copies of the data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
